Ob bj je ec ct ti iv ve e: : Epidemiologic studies have shown that low serum 25-hydroxyvitamin D (25(OH)D) levels are associated with increased risk of lower respiratory tract infections in young children. Almost all viral respiratory tract infections occur between November and March, months that also are associated with vitamin D deficiency. Vitamin D recently has been shown to have an important role in the immune regulation especially in innate immunity as well as production of antimicrobial peptides. In this study, we evaluated the relationship between serum 25(OH)D levels and recurrent respiratory tract infections with wheezing in young children. M Ma at te er ri ia al l a an nd d M Me et th ho od ds s: : Serum 25(OH)D levels were analysed in 60 wheezy infants, aged 6-36 months, with three or more viral wheezing episodes and 40 healthy controls at the same age. The study was done between November 2009 and March 2010, months that viral infection-associated wheezing episodes were common. Vitamin D levels were categorized into deficient (≤20 ng/mL), insufficient (21-29 ng/mL) and sufficient (≥30 ng/mL), based on previous recommendations. R Re es su ul lt ts s: : The mean serum 25(OH)D concentration of wheezy infants (30.1±7.6 ng/mL) was lower than the healthy controls (33.9±9.8 ng/mL) (p=0.049). Vitamin D deficiency was found in 7/60 (12%) of wheezy infants and 2/40 (5%) of healthy controls.Vitamin D insufficiency frequency was 21/60 (35%) in wheezy infants and 13/40 (32%) in healthy controls. The differences between wheezy infants and controls were insignificant. Serum vitamin D level was significantly associated with age, duration of breastfeeding and maternal clothing in wheezy infants. C Co on nc cl lu us si io on n: : Vitamin D insufficiency is prevalent among young children in our region. According to the previous studies supporting the role of vitamin D in innate immunity and antiviral defence, we suggest that it might be particularly important in wheezy children. Future investiagtions will demonstrate the exact role of vitamin D on respiratory tract infections and wheezing illnesses in young children. 
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MATERIAL AND METHODS
Participants were recruited at the Başkent Univer- A total of 100 children including 60 patients and 40 controls, aged 6-36 months, were enrolled. Patients were selected among infants admitted to the Department of Pediatric Allergy with recurrent wheezing episodes. The controls were healthy children at the same age group, lived in the same region, they never had wheezing before and attended the pediatric outpatient clinics for vaccination during the study period.
Inclusion criteria were i) being 6 to-36 months of age, ii) had at least 3 wheezing episodes related to viral infections, first of which began before 12 months, iii) neither wheezing, nor asthmatic symptoms between episodes, and iv) exclusion of other causes of wheezing disorders.
Exclusion criteria were prematurity, wheezing history during the neonatal period, severe wheezing attacks requiring intensive care unit admission, growth retardation, cystic fibrosis, bronchopulmonary dysplasia, tuberculosis, congenital respiratory disorders, foreign body aspiration, immune deficiency, cardiac defects, clinical signs of rickets, systemic glucocorticoid treatment within last four weeks and anticonvulsant drug use.
Demographic and clinical data and risk factors included age during first wheezing episode, number of wheezing episodes, vitamin D supplementation and feeding practices in the first year of life, passive smoking and clothing style of the mother (if wear long-sleeved clothing and head cover).
Venous blood specimens were collected for serum calcium, phosphorus, alkaline phosphatase, 25(OH)D and total IgE from patients, and serum calcium, phosphorus and 25(OH)D from controls. Peripheral blood eosinophil count was measured by Coulter counter techniques.
Serum levels of 25(OH)D are considered the best circulating biomarker of vitamin D metabolic status. A single measurement of vitamin D was obtained for 60 patients and 40 healthy controls by using ECLIA (Electrochemiluminescence immunologic test) method. Vitamin D levels have been shown to be relatively stable when specimens had been -20 o stored properly. We categorized vitamin D levels into deficient (≤20 ng/mL), insufficient (21-29 ng/mL), sufficient (≥30 ng/mL) and optimal level (>40 ng/mL), based on previous recommendations.
Turkiye Klinikleri J Med Sci 2013;33 (6) STATISTICAL ANALYSIS Data were analyzed by using SPSS version 11.5. Descriptive statistics for variables were presented as ''means±standard deviations''. Categorical variables were compared by using Pearson'sChi-square and Fisher's exact tests. For comparison of groups, parametric data were assessed by using student's ttest and nonparametric data by Mann Whitney-U test. p<0.05 was considered as statistically significant.
RESULTS
In total, 60 (46 boys, 14 girls) wheezy infants (cases) and 40 (25 boys, 15 girls) healthy infants (controls) were enrolled. The mean age±standard deviation (SD) of the cases was 18.2±7.4 months and of controls was 19.5±9.6 months. The demographic characteristics and risk factors related to wheezing and vitamin D status among patients and controls are shown in Table 1 .
There were no significant differences between the cases and the controls in terms of age, gender, in feeding practices, regular daily use of vitamin D supplementation, smoking at home, duration of breastfeeding, introduction of solids and cow's milk (p>0.05) ( Table 2) . Religious clothing style with long-sleeved clothing and head cover was more common among mothers of cases compared to that of controls (p=0.006).
Of 60 cases who had wheezing episodes triggered by a viral respiratory tract infection, 70% had five or more wheezing episodes, and 35% had at least one hospitalization history because of a wheezing attack. The mean age at first wheezing episode was 5.1±3.2 months. The median of eosinophil count was 250/mm 3 (10-880) and serum IgE level was 31.5 IU/L (1-1000) among the cases.
Serum calcium, phosphorus and alkaline phosphatase levels were in normal ranges in the cases and the controls, but serum calcium levels were lower in the cases compared to the controls (p=0.009).
Turkiye Klinikleri J Med Sci 2013;33 (6) The mean serum 25(OH)D concentration in wheezy infants (30.1±7.6 ng/mL) was lower than the healthy controls (33.9±9.8 ng/mL), (p=0.049). The frequency of vitamin D deficiency was 7/60 (12%) among wheezy infants and 2/40 (5%) among the healthy controls, and the frequency of vitamin D insufficiency was 21/60 (35%) among wheezy infants and 13/40 (32%) among the healthy controls. Serum vitamin D statuses of the cases and the controls are shown in Table 3 . Thirty two (53%) of the cases and 25 (63%) of the controls had a serum 25(OH)D level ≥30 ng/mL. There were no significant differences between the cases and the controls for vitamin D deficient, insufficient or sufficient levels (p>0.05).
Serum 25(OH)D level decreased significantly with age ( Figure 1 ). The mean serum 25(OH)D level was significantly lower in cases <12 months age compared to cases >12 months age (p=0.028). Children whose mothers wore head covers had lower serum 25(OH)D levels (28.1±7.1 ng/mL) compared to children whose mother did not (32.8±7.5 ng/mL), (p=0.02).
Correlations between serum 25(OH)D levels and the risk factors for vitamin D deficiency are shown in Table 4 . Among wheezy infants, there were negative correlations between serum vitamin D level and age, duration of breastfeeding and maternal clothing style (r=-0.24, r=-0.31, r=0.29, p=0.03, p=0.01, p=0.02, respectively). There was no significant correlation between serum 25(OH)D level and total eosinophil count or serum IgE (r=-0.13, r=-0.12, p=0.30, p=0.33, respectively).
DISCUSSION
In this study, we found that the mean serum 25(OH)D concentration in wheezy infants was lower than the healthy controls. In addition, we detected the rate of vitamin D deficiency as %12 and vitamin D insufficiency as %35 in wheezy infants in our study.
Wheezing is a common problem in infancy and we believe that determining the risk factors is important in recurrent wheezing. Recent vitamin D studies suggest that low levels of 25(OH)D are associated with increased risk of lower respiratory tract infections, wheezing illnesses and asthma in young children. 8, 9 In addition, some observational studies reported that increased vitamin D in maternal diet may reduce the risk of recurrent wheezing. 10, 11 Upper respiratory tract infections account for more than 80% of wheezing episodes in children. 2 The incidence of viral infections, particularly in the pediatric population, typically peaks in the winter months when cutaneous vitamin D synthesis is naturally impaired. Our study was done between November and March, months that viral wheezing was common. Of 60 cases in our study, all had wheezing that triggered by a viral respiratory tract infection.
Immunomodulatory effect of vitamin D has been mentioned in recent studies. 12 Emerging evidence indicates that vitamin D-mediated innate immunity, particularly through enhanced expression of human cathelicidin antimicrobial peptide, is important in host defenses against respiratory tract pathogens. [13] [14] [15] [16] Vitamin D insufficiency is associated with increased risk of respiratory tract infections, and may increase the frequency of wheezing.
We detected vitamin D deficiency in 12% of wheezy infants and 5% of healthy controls, and vitamin D insufficiency in 35% of wheezy infants and 32% of healthy controls in our study, but the differences between two groups were insignificant. However, the mean serum 25(OH)D concentration in wheezy infants was lower than healthy controls, which pointed a more deficient state that might predispose to wheezy disease. These findings may support the role of vitamin D in antiviral defense, and particular importance of vitamin D in wheezy infants. However, causality cannot be assessed by this cross-sectional analysis. In addition, our study has limitation due to its small sample size. Randomized controlled trials are needed to determine the association of vitamin D with wheezing.
Jartti et al. demonstrated that low serum 25(OH)D levels were associated with increased risk of viral co-infections in wheezing children. 17 The mean 25(OH)D concentration was 68 nmol/L (27 ng/mL) in this study, and %31 had a serum 25(OH)D level <25 ng/mL, %6 had <10 ng/mL. In our study, mean serum 25(OH)D level was 30.1 ng/mL similar to aforementioned study, but vitamin D deficiency was less common. This may be due to several factors including the geographical area of living.
The major source of vitamin D has always been exposure to sunlight for most humans. Dietary intake (including supplementation) is an alternative source of vitamin D. 6, 7 Maternal vitamin D status during pregnancy and lactation also affect the serum vitamin D level of the infant. 18 Risk factors for vitamin D deficiency include living in Northern latitudes, failing to get enough sun exposure, being dark-skinned, elderly or obese. 19 Less time spent outdoors, using sunscreens, and clothing styles as head cover for cultural reasons reduce the cutaneous synthesis of vitamin D.
There was no significant difference between the cases and the controls for age, gender, weight or height means, ethnicity, nutritional status, regular use of vitamin D supplementation, duration of breastfeeding, introduction of solids and cow's milk in our study, but the clothing style of the mothers, i.e. wearing long-sleeved cloths and head cover, was more common in the cases compared to the controls.
Several previous studies showed that adequate vitamin D concentrations played a potential role in protection against upper and lower respiratory tract infections. In these studies, it has been pointed that inadequate concentrations of vitamin D seem to clinically impact children more severely, and often before the manifestations of rickets. 5 The wheezy infants in our study had no physical signs of rickets and their serum calcium, phosphorus, alkaline phosphatase levels were normal.
In Turkey, national recommendations suggest administration of vitamin D supplementation of 400 IU/day to all young children before the age one year in order to prevent vitamin D deficiency and rickets. In our study, serum vitamin D levels decreased significantly with increasing age. The mean serum 25(OH)D was significantly lower in cases >12 months of age compared to cases <12 of months age. This may be due to several factors including discontinuation of vitamin D supplementation after 12 months of age. For this reason, vitamin D supplementation should be continued after 12 months, particularly in the winter season, when the sun exposure decreases.
Other factors that affect serum vitamin D levels are maternal vitamin D status during pregnancy and lactation, and dietary intake and supplementation of the infant. 16 In our study, serum 25(OH)D level was inversely associated with duration of breastfeeding. We know that infants who are exclusively breastfed but do not receive supplemental vitamin D or adequate sunlight exposure are at increased risk of developing vitamin D deficiency and/or rickets. Therefore, vitamin D supplementation should also be recommended to infants who breastfed for prolonged periods.
Another factor that affects serum 25(OH)D level in our study was the mothers' clothing style. Children whose mothers wore head covers had lower serum 25(OH)D levels compared to children whose mothers did not. Skin coverage (i.e.clothing or sunblock use) reduces the cutaneous synthesis of vitamin D, and may affect mothers' vitamin D status during pregnancy and lactation. It is known that pregnant and lactating women, infants and growing children are at higher risk for vitamin D deficiency. A number of studies have shown that vitamin D status of the baby is correlated with vitamin D status of the mother. 4, 20 In addition, several studies have reported an inverse relationship between maternal vitamin D intake and wheezing diseases in children. 10, 11, 21 With these data taken into account, we also thought that vitamin D supplementation to mother during pregnancy might prevent future wheezing diseases.
Although severe vitamin D deficiency is rare, vitamin D insufficiency is common worldwide. Although Turkey is in a geographical location with abundant sunlight, vitamin D deficiency affecting pregnant women, infants and adolescents continues to be a major problem. 22 We found vitamin D insufficiency as % 35 in wheezy infants and as %32 in healthy children in the control group. These results support that vitamin D levels are generally insufficient in our region. Irrespective of any effects of vitamin D on respiratory illness, vitamin D insufficiency is clearly a public health problem in this country.
In summary, we found lower serum vitamin D levels in wheezy infants compared to controls, but vitamin D insufficiency was common in all children. Future investigations will demonstrate the exact dose and duration of vitamin D supplementation for prevention or control of wheezy respiratory tract infections, asthma and other allergic diseases in young children. 23 In addition, new guidelines for adequate sun exposure and supplemental vitamin D are needed in children.
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